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Introduction
were the first to study the asexual multiplication of Mesocestoides in laboratory animals. They showed that these organisms, found in naturally infected lizard Sceloporus occidentalis, can be inoculated into SWR mice in which they multiply asexually and can be serially transferred.
lPart of M.Sc. thesis submitted to the Faculty of Graduate Studies, University of Manitoba. Supported by NRCC grant to Dr. G. Lubinsky.
These authors stated that the asexual multiplication of tetrathyridia occurs in two ways: (1) by fission of the body, starting at the scolex; and (2) by "lateral outgrowths or buds of the body posterior to the scolex." In the second case the suckers differentiate later. Specht and Voge pointed out that "M. corti [is] a valuable species for laboratory research." Later, Voge and Coulombe (1966) studied the growth and asexual multiplication of these organisms in vitro. Diagrams illustrating the asexual multiplication of tetrathyridia were given by Voge (1969) , and by Hart (1968) .
Experimental work on the tetrathyridia of M. corti is of both theoretical and practical importance. To study the problems of ecology of proliferating cestode larvae quantitatively, it is preferable to have solid, not cystic, organisms, which can be easily freed from host tissues. These requirements are fulfilled by tetrathyridia of M. corti.
The aim of the present project was to study the morphology of asexual multiplication of these larvae and the increase of their biomass in experimental rodents, and to provide thus a quantitative basis for research in experimental chemotherapy of diseases caused by them.
Materials and Methods
In August 1968 a strain of tetrathyridia was received from Prof. M. Voge hybrid mice (C57/L female X DBA male), used by Lubinsky (1967) in his work on Echinococcus multilocularis. The strain was maintained in these hybrids and later in SWR mice by serial transfers made every 3 months.
Experimental animals were infected with larvae obtained from the 5th to 12th transfers in mice. The inoculum of 0.03 ml of sedimented larvae (200-300 tetrathyridia) was injected intraperitoneally, using a tuberculin syringe with an 18-gauge needle. Mice were fed Purina Lab chow and water ad libitum, and kept at a temperature of 20°C and a humidity of 50%. The light cycle was 15 h simulated daylight (6.00 a.m. -9.00 p.m.) and 9 h darkness.
The quantitative experiments were discontinued usually about 50 days post infection (d.p.i.), though some other mice were dissected much later. The invasion of the liver was estimated semiquantitatively on the basis of the number of larvae per 1 cmz of the liver surface as follows: L, light infection (1-10 larvae per 1 cm2); M, moderate infection (10-50 larvae per I cmz); and H, heavy infection (more than 50 larvae per 1 cmz). The total volume of the populations of larvae washed out of the abdominal and thoracic cavity of each mouse was determined using a tuberculin syringe as a measuring cylinder.
Live larvae were examined in a balanced mammalian salt solution. As the larvae vary greatly in their size, proportions, and general shape, linear measurements such as of length or width would have little relation to the body size of the individual larvae. Therefore it was decided to measure the surface area covered by the larvae, a method widely used in protozoology for quantitative studies of the sizes of malarial schizonts and of some other protozoa. The curve (Fig. 21) is based on the measurements of 200 larvae taken with a pipette at random from the tetrathyridial population of one SWR male, 50 d.p.i. Similar curves were obtained when studying populations from LDFl, and SEC mice.
The outlines of tetrathyridia were drawn at X 40 or 80, the surfaces enclosed measured with a zero setting compensating planimeter (Geotec), and their real sizes calculated in square millimeters.
Results

Multiplication of Tetrathyridia of M. corti in
Vivo The asexual multiplication of tetrathyridia of M. corti is very peculiar, and seems to be unique among the cestodes. Though these larvae vary greatly both in size and shape, depending on the host and the intensity and duration of infection, they can be classified into a small number of basic stages of development ( Fig. I) , as observations made on populations from SWR, SEC, and LDFl mice, as well as from gerbils and cotton rats, show.
Stage 1-Stage 1 is a basic tetrathyridium. It varies in length from less than 1 to over 10 mm, but has only four suckers and a single terminal excretory pore. The posterior pointed end is usually curved to one, the future proliferative, side.
Stage 2-The beginning of longitudinal splitting is heralded by a widening of the anterior end of the body and the appearance of a longitudinal cleft near the midline of the scolex. In each half of the cleaving scolex, primordia of a new pair of suckers appear. At this stage the tetrathyridium has two pairs of large suckers and two pairs of smaller ones. It could, indeed, be called "octothyridium" (Fig. 2) .
Stage 3-The new suckers gradually grow, and the cleft between the two developing scolices deepens. The splitting of the anterior end progresses, producing a Y-shaped organism.
Stage 4-The splitting into two larvae is far advanced, and the duplication of nerve trunks and excretory ducts is completed. The new larva tends to move away from the parental organism, and this finally leads to a complete separation. The stalk of the daughter larva becomes progressively thinner and finally breaks. The separation of the daughter individual takes place at various levels of the proliferative side of the parental organism, but always at some distance from its posterior end, which remains with the parental tetrathyridium (Fig. 3) .
Stage 5-At the site of separation of the daughter tetrathyridium, on the proliferative side of the parental larva, a stump-like excrescence designated as "bud" by Specht and Voge (1965) , remains (Fig. 4) . At its apex there is a functional excretory bladder (Hart 1967 ) with its pore and plexus of canals. This stage is followed by growth and elongation of the mother organism, culminating in the initiation of the next splitting.
Stage 6-The splitting, started at stage 5, results in the separation of another daughter individual, which leaves at the posterior end of the proliferative side of the parent one more stump, anterior to the previous one. This stump is also provided with an excretory bladder.
Stage 7--Stage 7 is the separation of the fourth daughter individual. In the process of production of subsequent tetrathyridia the splitting becomes accelerated and the heads may possess only two suckers at the time of separation. The daughter scolex is now mostly smaller than that of the parental organism, and its secondary suckers develop later (Fig. 8) . Recently separated larvae often have at their posterior ends small blobs of parenchyma, which later probably separate. With progressing growth of the parental organism some of the lateral outgrowths (stumps) elongate, and their distal portions separate as acephalic fragments, which do not regenerate a scolex (Figs. 5, 6) .
Stage 8-As a result of continued asexual multiplication a large, long larva with many stumps at the proliferative side of the body is produced (Fig. 10) . Now the scolex with the anterior portion of the body may separate from the posterior portion, which becomes acephalic, does not regenerate a scolex, and later degenerates (Fig. 9) . The anterior tetrathyridium may now start a new cycle of asexual multiplication. After the separation of the primary scolex, both its posterior end and the anterior end of the acephalic portion may develop one or seldom two bladders each, at the site of separation. The acephalic fragments vary in size from a fraction of a millimeter to over 5 mm, and may have up to 10 lateral stumps.
Stage 9-In mice, about 200 d.p.i., polycephalic forms with up to 22 heads develop (Figs. 14 to 18). They are mostly rosette-shaped and up to 10 mm in diameter. When transferred to other mice, they disintegrate into simple tetrathyridia.
Thus in hosts infected with M. corti larvae, the following three basic types of tetrathyridial bodies can be found: (1) single non-dividing tetrathyridia without any stumps; (2) dividing forms; and (3) sterile acephalic fragments.
The great majority of stages found in infected rodents fall into the categories described above (Fig. 1, stags 1-9) . But there occur also some other forms which deviate from this basic pattern of multiplication. Figure 19 , stages 1-7 shows that the separation of the oldest ("parental") scolex, situated at the non-proliferative side of a tetrathyridium, results in the transformation of this side into a proliferative one. The resulting forms, with stumps and excretory bladders at both sides of the body, occurred but seldom in our material (Fig. 11) .
Still more seldom tetrathyridia occurred with two terminal bladders close to each other, and also acephalic tail fragments with two bladders close together (Fig. 7) . Such pairs of bladders are probably the result of development of separate bladders at the ends of each of the two lateral pairs of excretory canals.
Growth and Multiplication of Tetrathyridia in Dlxerent Rodents
To produce a quantitative basis for ecological and biomedical studies on Mesocestoides infections in intermediate rodent hosts, it was necessary in the first place to determine in which species and (or) strain of rodents the total biomass of tetrathyridial populations increases fastest.
In the first experiment, which lasted 49 days, an attempt was made to compare the increase in the total biomass of tetrathyridia in LDFl hybrids with that in SEC and SWR mice, as well as in the few available Peromyscus maniculatus hybrids, and slower in SEC and SWR mice, in and to compare the total biomasses of tetra-this sequence. It is still slower in P. maniculatus, thyridial populations in male and female hosts. though the results obtained with this host are The mean volumes of the populations, graphi-not convincing, because of the small numbers cally represented in Fig. 20 , show that the in-of deer mice used. crease in the total biomass is fastest in LDFl
In all types of mice the increase in the total biomass of tetrathyridial populations was faster in males than in females, but the difference was statistically significant only in the case of SWR mice O, < 0.01). The livers of both male and female mice of all types were moderately infected, but in P. maniculatus the liver infection was light.
At the end of experiments with LDFl, SEC, and SWR mice, the volumes of tetrathyridial populations collected from the body cavities were measured. The mean volumes varied from 0.13 ml in some experiments with SWR females, to 0.66 ml in some LDFl males.
The variation in the body size of the tetrathyridia was studied on the basis of measurements of the body surfaces of 200 larvae taken at random from various mice as stated in the Materials and Methods. Figure 21 represents graphically the results obtained when studying a population from one SWR male. Similar curves were obtained when studying populations from LDFI, and SEC mice.
The mean area of the larvae was 0.35 + 0.02 mm2, the majority had areas from 0.05 to 0.50 mm2, and only three had surfaces exceeding 1.0 mm2. The surface of the largest larva was almost 1.5 mm2. Eleven and a half percent of larvae were acephalic, 25y0 had two suckers, 60.5y0 four suckers, and only 3.0y0 had eight suckers and usually two scolices.
In the other experiments, with 30 jirds (Meriones unguiculatus), four cotton rats (Sigmodon hispidus), and six ground squirrels (Citellusfi.anklini) of both sexes, the tetrathyridia multiplied in the same way as they did in mice. However, larvae recovered from four experimentally infected muskrats, Ondatra zibethicus,2 were much longer than those from other rodents, mostly 5 to 11 mm long (Fig. 12) , and showed very little evidence of multiplication.
The livers of both male and female jirds were very heavily infected, those of cotton rats and ground squirrels moderately so, those of muskrats but lightly. Acephaly To study whether the fragments of tetrathyridia can regenerate a scolex, 10 SWR mice of both sexes were infected intraperitoneally, 2This is the correct spelling; the word Ondatva, like the Latin words nauta and agricola, is a masculinum.
each with 20 live acephalic fragments, both of lateral and of posterior origin. At autopsy 31 days later no regeneration of scolices was seen in any mice. From the five males 25 motile acephalic fragments were collected, and from the five females, only 17. Some dead and disintegrating fragments were also present, both in male and female hosts.
Polycephaly Polycephalic tetrathyridia were observed by Hart (1967) in mice with long-standing infections. He suggested that such tetrathyridia do not separate, because they have only one terminal bladder.
In an attempt to produce polycephaly experimentally, a strain of mice was chosen in which tetrathyridia multiply slowly. Five SWR females received 25 larvae each, and four SWR males 10 larvae each, intraperitoneally. The males were killed 170 d.p.i., and 37 polycephalic forms with 3 to 20 scolices were collected from them along with numerous usual tetrathyridia (Fig.  16 ). Three females were dissected 200 d.p.i. and found to contain numerous tetrathyridia, among them 19 polycephalic forms with up to 22 scolices (Figs. 14, 15, 17, and 18) .
The polycephalic larvae varied greatly in the number of their scolices, in the shape and size of the bodies, as well as in the number and location of their excretory bladders. Many of these larvae had, besides the terminal bladder, several bladders at the end of the stumps, which strongly suggests that they, just as the ordinary tetrathyridia, may bud off single-headed individuals.
To prove this experimentally, polycephalic larvae with at least 10 scolices but only one bladder each were implanted intraperitoneally into eight SWR mice; each mouse received one larva. At the autopsy 38 days later, it was found that all polycephalic larvae had disintegrated into a large number of conventional tetrathyridia, many of which penetrated into the livers. Peculiar branching remnants of polycephalic forms, resembling those from the muskrat (Fig. 13) , were found in the peritoneal cavity of these mice.
A similar experiment was made with a muskrat, which received 75 two-to five-headed tetrathyridia intraperitoneally and was dissected 46 days later. At autopsy only single non-multiplying larvae were found, along with peculiar acephalic forms with several stumps and excretory bladders (Fig. 13 ).
Discussion
Observations on asexual multiplication of tetrathyridia of M. corti in mice showed that new scolices originate as result of longitudinal splitting of the parental scolex, and confirmed basically the views of Specht and Voge (1965) and of Hart (1967 Hart ( , 1968 . However, I was not able to confirm the statement of Specht and Voge (1965) , that lateral outgrowths at the proliferative side of tetrathyridia may develop into daughter individuals. It seems that the lateral "buds" are not developing daughter in-,dividuals, but stumps, remaining on the parental body after the separation of split off tetrathyridia.
The stumps may bud off at their distal ends small acephalic fragments, but not develop scolices. On the other hand, large fragments with many excretory bladders originate as a result of separation of the entire distal end of the parental tetrathyridium. Such transverse division may take place at different levels, separating from the scolex either the entire proliferative region, or only its portion, and, in this case, leaving with the parental organism one or several anterior lateral stumps. Hart (1968) described only one method of production of acephalic fragments, namely separation of the distal end of the parental tetrathyridium. He showed experimentally, that such fragments, when implanted into new hosts, do not produce scolices and later degenerate.
Hart thought that the bladders of the proliferative side of the parental organism develop before the splitting is completed and each daughter individual thus receives an already functional bladder. My observations showed that the development of the bladders both on the posterior end of the daughter individual .and on the stump of the parental body are the result of separation of a daughter tetrathyridium. Hart also described the presence of two bladders close to each other at the end of the tetrathyridium, and interpreted this as evidence of division of the bladders. Though in my material such pairs of bladders did occur, it seems that they develop independently at each side of the posterior end of tetrathyridium from the corresponding two lateral vessels of the same body-side. The spatial relationship between the position of lateral vessels and the timing of constriction of the peduncle determine whether only one medial bladder or two bladders will develop.
In the material, especially that from SWR mice, many polycephalic forms with 3 to 22 scolices were present. When such forms were implanted into the peritoneal cavity of a muskrat, a host in which tetrathyridia do not multiply, the polycephalic larvae disintegrated into normal tetrathyridia, leaving an irregularly branching posterior portion with many excretory bladders. Similar results were obtained in implanting polycephalic forms into mice. In this case, however, the resulting tetrathyridia multiplied intensively.
The fastest increase in the biomass of tetrathyridia was observed in LDFl hybrids, the lowest as far as can be judged on the basis of experiment with four animals, in muskrats. The intensity of multiplication and the growth of individual tetrathyridia depend both on the species or strain of the host and on its sex. The fastest growth was observed in the LDFl mice in which Echinococcus multilocularis grows fastest (Lubinsky 1967) . The growth in SEC and SWR mice was slower, as was that of E. multilocularis (Lubinsky, unpublished). But whereas E. multilocularis grows faster in female hosts than in males, the total biomass of population of tetrathyridia of M. corti increases faster in males than in females. In this respect M. corti seems to be closer to E, granulosus, which, according to Frayha et al. (1971) , grows faster in male hosts.
I was unable to find in the literature any description of the multiplication of flatworms by longitudinal fission. However, it is well known that planarians, cut along their sagittal plane, will regenerate the missing halves. But longitudinal fission as a mode of reproduction was repeatedly observed in coelenterates. Pasteels (1939) has described sporadic longitudinal fission of Cladonema radiatum (Anthomedusae), which began with a longitudinal division of the manubrium, and Lipin (1911) in Polypodium hydriforme, a coelenterate parasite of the eggs of
